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Heveral aspects of the procedure and eorrectlonz for the calibration of encapaulated

radinmn ecurees gt MBS have recently heen investigated.

it was found that a chamber

agujpped with 8 guard-ring frpe electrode system allowing the usa of 4 vibrsting recd eles-
trometer ag A ourrent detector provides more wversatility and precleion than the gold-leal
electroscope now in uae for routine onlibrationa, Abeprption eorrections for the 1158, primary
national radium standards have been determined for the NBS chamber: (.78 poreeny for
gtandard 5440 and 1.01 pereent for atandard 5437, The Cwen-Naylor integral eguation for
abaorption of raya in the walis of evlindrical cadium aources has heen evaluated by & power
geries expansion of the integrand.  Absorpiion eoeffieients and correstion factors for platinum
antd Monel metal (materials commoonly uesd for source capaunles) have been eompated for

the NE& ¢hambar.

1. Introduction

Encapsulated radium sources are calibrated at the
National Bureau of Standards by a comparison,
through seeondary working standards, with primary
nationa! standards prepared by Hénigschmid [1)
in 1934, A gold-leaf electroscope with lead and
asluminum walls iz used for measuring the gamma rays
amitted by the sources, The rubo of the measure-
ments with the stundard and tested source multiplied
by the weight of radium element present in the
standard is certified as the ‘‘equivalent weight” of
the sowrce. A correction factor for the absorption
of gamma rays by the wall of the source being
calibrated is alzo given, .

Several nspects of the calibration precedurs and
corrections higve recently been invesligaled. These
include the instrument used for comparing sourees,
ahsorption corrections for the Hénigschmid stand-
arde, and corrections for the wall absorption of the
tested source. It was found that a chamber {with
walls similar to those used for the gold-leaf electro-
scope) equipped with & guacd-ring type elecirode
system allowing the usa of a vibrating reed eslec-
trometer a3 a current detector provides more versa-
tility and precision. Abscorption corrections for the
Hamigschmid standards were deterrnined so that the
true weight of radium instead of the “equivalent
weight” might be determined. The capsule wall
absorption corrections were determined through the
uze of an evaluation of the integral for the absorption
of parallel gamma rays by a cvlindrical wall. This
int was eviloated by & term-by-term integration
of the integrand expanded in o power series. Usin
the new current detector for the measorements an
this evaluation of the integral, an effcctive absorption
coefficient for platinum (eommeonly used for capsule

1 Fighes im browkets Lo leats e litetatire oefenctees ak the end of this papsc.

wallsd and its dependence on several factors was
daterminad. Measurements were also made with
Monel metal which is used to & lesser extent for
encapsulations,

2. Equipment and Method

The measurements wora performed with a lead-
wallad cubieal jonization chamber c-}uippcd with a
guard-ring type electrode system allowing the use
of u vibrating recd electromeater as a cwrrent detee-
tor. The chamber walls are of the same construe-
tion as those used for the gold-leaf electroacope, the
instrument used for routine radium calibrations.
They consizt of S-mm-thick joner aluminum walls
snd 10-mm-thick onter lead walls, and are 10 cm
on o side.  Tomization currents wepe messured vsing
the capaeitance method, with a nulling potentiome-
ter and electronic timer to determine the rate of
change of potential with time. Oxnly comparisona
of ionization currents resulting from different source
conditions are involved in the messurcments, so
that with ocupacitance and nueil voltage constant,
only the tine need be determined aceurately. Sat-
uration curves were plotied and the voltage differ-
ence between the electrodes of the chamber waa set
at an sppropriate value.

As in ordinary colibrations, the sources were meas-
ured with their nxes horizontal and paralle]l to the
front face of the chamber. The sovrce wnd cham-
ber were at the zame heipht so that the rays conld
pusa horizontally into the chamber. In most cases,
the distance between the source and chamber has
been made sa small as ible since the larger cur-
renta can be measured with morc precision. The
distance cannot be made too amall, however, hecause
the correction factors which have been computed
depend on the assumption that the gammsa rays
going from the source to the detector are parallel.




Several e iments, such as the result of ene de-
picted in a 2, have been performed to determine
the minimum distanee which may be nzed for the
measurement of & particulay guantity.

Long-term chanpes in measuring conditions such
as temperature and pressere were svoided by per-
forming the comparisone over short pericds of time
and in an ABBA sequence. Where possible, condi-
tions were arranged so that ionization ¢urrents were
Yarge enough to make background correction unnee-
essary. If the currents were tog amall, it was found
that the messurements were affected by pulees in
the ba und current. These background pulses
were atudied by making a confinuous recording of
the electrometer readings. About 130 of these pulses
are observed per hour and their magnitude is appro=-
imately 1x10~* statcoulomhb. The charge prodnced
in air by the passage of alpha particles from radie-
nuclides such as BEn®? ia of this order of magnitude.

3. National Standard Cormrection Factors

3.1. Description of the Standards

The National radium standards used at NBS are
two of twenty eources prepared by Honigeehmid in
1934 for uee as international and national standards.
The sources acquired by the United States wera des-
ignated as nu:ﬂ:ers 5437 and 5440 by Hénigschmid,
who determined their radinm element content by
careful weighing to be 38.23 and 20.45 mg respec-
tively as u% June 2, 1934, They are slao assicned
the roman numerale X1V and XV, respectively, by
the International Radium Standards Comrmission
s & vegult of & compsarison with the Paris and Vienna
1911 standards. The weighta derived from this com-

arison are 38.13 and 20.38 mg, respectively, as of

rne 1934. The cocapsulation is Thiiringen glass
tubing of 0,27 mm wall thickness and internal diam-
eter of 3 mm and leﬁths of 36.7 and 26.3 mm [2}
respectively.  Mors information and photographs o
the sources are given hy Loftus et al. [2] and
Davenpert et al. %]

3.2. Corrections Proposed by Other Authors

Although there iz no information available on the
absorption corrcctions for the Honigsehmid stand-
ards nsing the NBS type chamber, several waluea
have been proposed for use with other typas for tha
horizontal orientation shown in figure 1. Perry [4]
has estimafed the correction for the standards in
genefal to ba about 0.5 pereent for & chamber with
a 5-mm wall of lend end no aluminum wall. Weiss
B] lista wall and salt absorption corrections for

onigselinid standards and & chamber similay fe¢
the one used by P but the sources measured
are enclosed in mmitiunul tube of glass. The
method used for cum%uting tha salt absorption is
given by Frinz osnd Weiss [8].

Ancther analysis of tha correction factors is given
by Geiger [7] for o chamber with composite walls
ﬂgﬁ mm lead and 6 mm aluminum. The walue for
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Ficure 1. Diagram defining the voriicel end horivonial orien-
tatien of the radium source and deleclor,
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wallad Sonizsilen chamier. & hivizonial orjentatlon j9 hortapliy s, bat
Lo the Tt bl oriembatin Kb 15 1823 salk und sull shearpion and the eormection.
Inctora onn be comparted more saslly.

this ehamber shouid be nearly tho seme as one for the
NBS chamber, sinee the walls are of similar eon-
struction. He eomputed total absorption corrections
of 1.13 percent and 1.09 percent for the Honigschmid
standards 5425 (Caoadian) and 5440 (U.5.) respee-
tively by a graphical integration. The caleulation
ie b on the assumption that the salt is fine
grainad and uniformiy distributed along the bottom
of the glass tube. Ezamination of enlarged photo-
graphs of the standard 5440 indicates, however,
that the average grain aize ia about 0.3 mm, 20
percent of the nper radiuz of the tube itself. Tha
grains are larpe enough 30 that most of them appear
to be along the bottom of the tube in & single layer
four or five grains across. In order to avoid making
this assutnption, other methods of determining tha
correction {actors were developed.

3.3. Alworption Correction for Standard 5440

It is eonsiderably easier to compute the correction
factors for a vertical orientation, that is, with the
axiz of the source bel p&ra.]lei to the fAoor mnd
the raya being directed[fownward into the chambes,
The source geometry in this position is more clearly
defined and the absorption corrections are smaller
than for the horizontal position which is normally
used. Figure 1 shows the vertical and horizentsl
orientaticns. By measuring tha difference in the
ionization current for radiation coming from the
primary source placed in the vertical and horizontal
orientations, thé difference in therr absorption
corrections can be found. The absorption corTection
for the horizontal position is, then, the sum of this
diffcrence nnd the absorption correction computed
for the vertical position.

The experimental proccdure for determining this
difference was to compare the primary standard 5440
in both orientations to a radially symmetric source.
The percent difference in these comparisons iz equal
to tho percent difference in the absorption correc-
tions. El“l-m average of 19 determinations of this

uantity is 0.37 percent and ths standard error of
the mean 13 0.06.
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. This figure was determined for the

The wall abacrption for rays passing downward
from the souree to the chamber was computed from
an effective wall thickness of 0.27¢ mm as de-
termined by s graphicsl intcpration gssaming that
the width of the salt along the axis of the tube i3
1.4 mm, 3z estimated from the enlarged photograph.
The masz ahsorption coefficient for tha pglase was
taken to be 0.0382 em?/g which is the coeflicient for
elements with Z leas than 67, given by Michel [8].
anadian Na-
tional Ressarch Council chamber, but ita construc-
tion iz similar enovgh to the NBE chamber that the
error inenrred in ita use should be negligible® Tha
density of the glase, computed from dimensions
listed on the source certificats, is 2.39 grom®. The
linear absorption coefficicnt is then .076 cm-t,
and the computed absorption is .21 percent,

The computation of the salt absorption as opposed
to the wall absorption for the veriical orientation is
more uncertain and seversl differont approsches to
the problem have been econsiderad. In the com-
putations outlined below, the following quantitics
wre estimated to hoave an accuracy of better then
5 pergent: the density of the individual RaCl, prains
is 4.9 gfem® [9], the volume of the salt with the
tube on end ie 11.% mm ? (by actual measurement
using a cathetometer), the depsity as computed
from this volume is 2.26 gfem?® (Michel and Whyte
[10] mve 2.2 gfem®™, and the mass absorpticn
coefficient? for Ball; is 0.047 em?fe. The percent
wbzorption corrections are bhesed on the formuls,
160{1 —&=*7}, where u is the product of the mass
abeorption coeofficient and the density of the salt
and  is taken to be one-half the length of the salt
through which the vays pass.

A walue for the salt absorption in the vertical
direction may be ecaleulated assuming & uniform
distribnfion of fine ins ahd a density of 225
giem®.  Such a ca]cuﬁ;un provides an absorption
eorrection of 0.12 percent for primary 5440. Cal-
culation of the salt abeorption using a more realistic
description of the ealt configuration provides values
which are somewhat higher,

An estimata of the depth of the salt grains may
be made from the volume measurement with the
tube on end and length and width mesaurements
from an enlarged photograph. With the salt evenly
distributed through the length of the tube the
dimensions gre 32.75 and 1.38 mm giving n depth of
0.263 mm. TUsing this depth, and the density 2.26
glem?, the absorption is 0.14 percent.

From the photograph, an average grain diameter
of 0.3 mm was estimated. If the effective shape of
the grains is assnmed to be spherieal, the =alt ab-
sorphon calculated from a formuls given by Dixon
[11] and uvsing 4.9 glem? for the salt density, is 0.28
percent. The average of these two values is 0.20
percent and the estimated error is taken to be +0.06,
one-half the difference between the values.

1 Thils 54 assamed slnes the ahaorptio cosffioscnt for Monel metal {compostd
of elomwenta with & lset than 570 reported in this rmper 13 00335 omg, -mJEa,_S[
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Tha total absscrption corTection using the averags
value of 0.20 percent +0.06 for the salt absorption
and (.21 percent {with a negligible error) for the
wall abserption, is 0.41 percent 4+0.06. Adding
flus to the measured difference of 0.37 percent
£ 0.06, the correction for the hotizontal orientetion
is 0.78 perecent for national standard 5440 and the
eatimated error is {0.06%(L067) ¥=0(.09,

3.4. Absorption Comections for Standard 5437

Mann [12] has developed a calorimeter, called
4 redintion balance, for comparing the energy emis-
sion from radicactive sources. Absorption corree-
tione for radivm sources in a calorimetric calibration
are quite amali* and in many cascs peed not ba
determined for 0.1 percent accuracy, If n souree is
calibrated with a standard ueing both the calorim-
etric and ilomization chamber method, a difference
in values will result which depends upon the ah-
sorption covrections for the standard and source
calibrated. By correcting this difference for the
absorption of gamma rays in the ealibrated source,
the remaining discrepancy ¢an be used as a measure
of the abscrption correction for the standard,

Attix and Rits [13] give the result of a calibration
of a pecondary NES standard N-100 with the primary
standard 6437 carried out by W. B. Mann using a
Peltier-effect twin microcalorimeter [14] specially de-
alﬁned for the comparison of Honigschmid standards.
The value, 99.6; myg - 00.3, was obtained as of Octo-
ber 1956. The result of a recent calibration using the
vibrating raed electrometar method dezeribed above
is 100.63 mg (corrected for absorption in the second-
ary standard and for decay since Oetober 1856} with
& 0.05 pereent standard error of the mean. The dif-
ference between the two deteominationa is then 1.01

rcent which represents the absorption correction

or the standard 5437,

3.5, Summary -

The corrections derived from the iwo methods
degeribed above are (.78 percent for the 5440 and
1.01 percent for the 5437, This difference in shsorp-
tion corrections of 0.23 percent occurs because sta:ﬁﬁ-
ard 5440 pontains 20 mp of radivm alement and the
5437 contains 38 mg, ing the geometries different.
Loftus ot al. [2] compared several of the Hini i
atandards with both the ealorimeter and the electro-
gseope. Table 1 lists the pertinent data. ‘The dif-
ferences in ibe ratio obtained by the two methods
should be & measnre of the differences in gamma ray
absorptich sginee the calorimetric method iz inde-
pendent, of corrections.  The difference in weight for
the 5440 and 5437 stendards is 18 mg which sorre-
sponds to a percent differcnee of about 0.25, in good
agreement with the difference of .23 percent for the
two methods.

1 The sze of tha nhuuu;gteim corrention:. deponde upon the amonnt of b
whinh 18 Dot nhanrTed i ralorimater, wauRlly saveral pereent, T, Eu[l:mmlz @,
it i & pevoenk, then ahsorpilon eorrectbons par Lhe awierimedrle method will be
5 percent of thosa far the lonizttion chember methed.
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Tarne 1. Dvflerence dn colorimelrio and eleclrosoope melfods of
neasuring Hinfgechmid standards from Lofine of al,

Liffereai: o Hetio of raul Intlon
Hpurees cornparad weight of twm Lalaoes rada Lo
ptandards o000 TE Tadlt
my

A H 1000
B i 1,002
Tk _ 05 1.002
ANC 14 ¥
ATY 15 1,002
AT 1K 1.1
AT 1z 1.0
AR I 1,00
A a3 1.002

i

4. Evaluation of the Owen-Naylor Integral

Orwen and Naylor [15] have derived an integral
equation for the absorption of gammy rays in a ¢ylin-
drical capsule having its axis at right angles to a line
drawn between the source and the delector. It is
assumed thut the rays leaving the source are parallel
and that the capanle is completely filled with radium
galt. That intagral is:

I3
I_||III|3=£ f’ ms2 x - e—!ﬂ(%"{”ﬂi}’-iiﬂ’x"‘m 7l li x
ol

where a=Internal radius
f=external radius
g=linear absorption cocthicient
x=an angle o
Fi=intensity of unattenuated radiation
F=intensity after wall abaorpiion

Vaing a planimeter, Owen and Nayler evaluated
thia integra?for specific wull thicknesses and external
diamaters. To gain more aceuraey and fHexibility
in ita application, it wad decided to integrate the
equation %y‘ expanding the exponential in a power
series,  'The exponent 15 usually of the order of 0.1
or less so that three tarms in the expangion is suffi-
cient, the contribution of the fourth term being of
the order of 0.01 percent. The result of the expan-
sion is seven terms which may be integrated term
by term. The integration of one of these terms was
erformed by another expansion {in four terms).
ha result is!

I{fy=1+u[50"{10245°+a* {64+ 07/8b 1B /37 —b]
+ pf (6512 i e 4 (B e (B3 20° —2) arcsin (afb)

— 1 Bfa =122 e+ . . . (1)
It raay be noticed that eq (1) iz of the form:
IJFID'__A(G:E'}FE'{_B{GrB}”_]_l- {2)

The result was checked to better than 0.1 percent
for specific cases using Simpson’s rule and by com-
parison with Owen and Naylor'a graphical evaluation.

5. Linear Absorption Coefficient for
Platinum and Monel Metal

R.l. Frevicus Measurements

It is important to note that the effcctive absorption
coefficients determined are highly dependent upon
the thickness snd composition of the walls of the
chamber used for the messurement. Platinum
{actually 90 pereent platinum and 10 percent
iridium) is most widely used for the capsules of
radium sources which are submitted for calibration,
but there have been few measuremenia of the
plaiinum absorption coefficient for the type of
chamber uvsed at NBS. Keyser [16] has made
measurements using the same type of chamber,
but flat absorbers were used to measure the absorp-
tion coefficient of platinum, instesd of cylindrical
sleeves whieh more nearly epproximate the condition
under which the coefficient will be used. The de-
terminationa for three different flat absorber thick-
nesses are 1.000+0.050, 0860 L0050, and 09601+
0.080 em~ 4, averaging 0.973 em~Y.  The value 0.93
cm~! was given to Attix and Ritz [11] in a private
communication from G. N. Whyte, but no details
an the type of abeorbers used were given.

6.2, Procadure

The lingar absorption coefficienta were computed
from measurements using night cylindrical sleeves
of the material in question ﬂ,n&} two seconds
atandard sources, nominally 50 and 100 mg, whic
fit snugly in and were the same longth as the slocves,
The waﬁ] thickness of the sleeves, the criticul value,
was computed indirectly from their density, weight,
length, wnd external diemeter, guantities which
could be measured very scewrately. This method
bns an advantage over mora direet mennz hecause
it aceounts for irregulanities in the internal diameter
and gives an average wall thicknesz for the whole
lengtﬁlnnd circumference of the tube. An average
glaeve thickness iz important since many measure-
ments are taken using random orientations of
souree ang sleave.  Errors in the slesve wall thick-
nesses are estimated to be no greater them a few
tenths of a percent. The dimensions wsed for the
aources are certificd by the manuiscturer to be
correct to ! percent.

The ratio, B2, of the electrometer messurements
with the sleeve on the source to thosa with the sleeve
off was found experimentally as described ahova.
Using the internal radius, 5, and the extornal radivs,
&, of the source, tho cocflicicnts, A and Fin ey (2},

I =Ala b+ Bla,blut+1,

eould be computed. For the combinatien of the
gleave and source, & new eq (2} may be detorminead,
using the internal radius of the source for a, and the
pum of the external radius of the source and the wal]
thickness of the sleeve for &:

*

L™



+f

I'y=Aa1sb" )+ Bla b In+1.
Bince the ratio of I’ to iz R, 4 may be computed

from
Al ) pt - Ble b g+ @
T Alabyui+ Bl b+l

5.3. Dependence of ¢ on Several Factors

R

The linear absorption ecefficient, x, for platinwm
waa meagured under varicus conditions to cbtain
information on its comstancy.

It was assumed in deriving the integral for wall
absorption that the rays coming from the solrce were

arallel, The effect of having nonparallel rays was

stertnined by measuring the sleeve wall absorption
for different distanees betwaen the soures and the
front of the detector {a l{-em aquara) and making
the computation for the linear absorption coeflicient.
Figure 2 shows the range of constency for p as o
function of distance for » sleeve of wall thickness
0.934 mm. The graph shows that p remains resson-
ably constant for distances greater than 20 cm,
onr sleeves having different wall thicknesses were
used for the determinaticn of u, and the average
values for several Jdeterminations with esch sleave
are listed in table 2. The table indicatea that there
15 & alight downward trend in u with decreaging wall
thickness. The magnitude of this trend makes it
reasonable to assume that it 1s caused by such factors
a5 the error i eq (1) due to the omission of the
relnnining tetins it the expansion and the change m
energy due to the abeorption of softer gamme rays
by the sleeve wall, These factorz would all become
ncgligible if a sleeve of very small thickness were
used so that the best estiinate of g would be given
by an extrapolation of u to zero sleeve thickness.

Le use of a secondary standard source nominally
50 mg or one nominally 100 mg (haviog the same
dimensions} had negligible effect on the data, The
faei that these messurernents were in such good

coment indicales that g is independent of wall
thickness in the range used, that there was good
precision in the dimensions, and that errors due to
& looseness of fit of the zource in the sleeve (this
vatied appreciably smong the different corobins-
tions of sources and sleeves} were negligible,

Sevaral different geometries were used in the meas-
uretnents and it was noted that the effects of scatter-
img objects on the ratio, A, were mot appreciable
oxcept if locatad near the axis of the source so that
rays passing out through the ends sre seattered and
detected.

TaeLe 2. Linear ahagrption meﬂir&mig‘or platinum megawred
i
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5.4. Final Result

Twenty-one values, measured under various con-
ditions (exeepi where the divergence of the beam
was considered to have an appreciable effect), were
pverggad in the determination of p with the four
Hatinum sleaves listed in takle 2. It wae pointed
ot above that the best estimate of uia given by an
extrapolation of x to zerp sleave thickness. The re-
sult of this extrapolation i= p~=0.93% cm~! and the
estimated emor is 0.2 percent, one-half the range of
values., Since the souree used for the messurements
had a 0.5mm platinum wall, this value of pis appli-
cable to gamma raye from radium Altered by 0.5 1mn
plativoum, 10 mm lead and 5 mm aluminmn.  Table
2 shows that u remains reasenably constant for wall
thicknesses up to approximately 1.5 mm sc that it
can be used in that range. A check on thie value was
parforined using the geld-leaf electroscope. The
mean of six measuremenis was 095 cm~! with a 1
percent stundard error of the mean.

In diffavent laboratorics, ionizalion shambers hav-
ing varying wall thicknesaes are used for calibrations,
So that conparisons way be made, p for platinum
was measured 2s a function of chamber wall thisk-
nass by replacing the cuter wall with lead Blters of
different t-gickness. Table 3 liste these velues and
figure 3 shows the shape of the curve. These mans-
urements were pertormed with a source having &
0.6-tom platinom wall to which wag wdded n cylin-
drical sleeve having a (.934-mm platinim wall so
that the valoes listed are for these filtrations,

The linear absorption cosfheiant for Monel metal
was also mensared wvsing three sleeves and a wvaloe
of 0,298 em~! with & 0.8 percent standard error of
the mean. Corraction factors for filled capsules of
varions wall thicknesa and sxternal diameter wern
computed for Monel metal sod platicum using eg
(1), the result of the cvaluation uP the Owen-Kaylor
integral. Tables 4 and § khist these correction factors
and figure 4 shows the shape of some representative
curves,

07




Tazrn 3. Linecor absarpiion cocflicient of platfnum for chombere | TawlE b — Monel well eorrecfion faciors for filfed eyplindricol

Raving S-mm faner gluminum walls ond different thicknestes radinm Agmrces
of fend ouder wella —
- T wall {nutalde diamveter, mm
Leped wall Litear abanrption &
thickoes wuelicknk thickoss 1 o 3 p ‘ s .
™ oot mm
% H%l; [N} LoAMKET | Lo | L0 [
A 1A .3 L0 | Lo | LT
i byt 3 Lo | Lodee | 100
& ‘A 4 Loz | Lade § ol |0
B Liwad | L0wea | nore |0
12 ;Eﬂ | LOIGE | L0l 5 Lo | Lms
1t "Bl 1 Logmy | Looap | vozEs | booEss
1% g -8 Lims | Lol | 1geT | gl |
1E ‘S .8 LakTd | Vomked | Lo | 109w
10 103 | L03lT | 1.ome7 | 10635
# L L1 e | Lotgan | Lovase | 10266
1z STl vemse | 106 | 1.0885
1.3 [T O YL ]
L4 LOAT | Lt | Lo468
L3 1048 | LMTE | 1.MEG
I | T T T T
e
5 - = ///’:
=t 18 mm WALL
Ll
o N .
o
8
F £ 112 —
: :
& Z mmw
o = F -
@ 2
B
“ Wl eal- -
w &
2 a 1 ] ] ] ] ] ] ] ] .3
= E] Tz 18 Eyo) o
LEAD WALL THICKNESS, om — et WALL —
Fravem 2. Dependence of the fineor absorplion cogffeient of
plaltnum on e lead well thickness of the fonization ehomber. LuaL -
The Janjzaon eheaber has danty doner walls of slumioum to sshich varying
thickmesses of lead were addod. A i.00m bead wall k= mesd 5t WHRA,
Gimm WALl
1 ] y ] L ] |
[]

H &
QUTSIE HAMETER, mm

TABLE 4.— Platinuns wall cqrrecifonfadafsfar;ﬁﬂad cylindrical | Frauge 4. Correction foclors for gamma ray absarplion in
rodiune apurces cyh'nd{imi platinum walls,

Four mﬁaeumuﬂ curves far wall thickmesaes of 0.1, 05, 1.0, and 1.5 mm are
Dutside didmweber, ooy MW fretoms were eomnpeibed from wh whatrption eoeeeat, of §03 ol
wal uslag the avsluation of the Owen-MNaylor mtﬂr givon in this poper. They
thirkmess I ara splcable anly for measn rements with an NEB tvpe chamber.
1 3 E 4 L] Li} T
— | 6. Discussion
LN I L4 1.ES LI |, ... I - . . . .
-2 Loz | Lo | LI . = Az a result of an investigation of the radium
d L3 | Ll | s | 2 | colibration procedure, messurements can he per-
8 Losz | 106dL | 10N | LOSL o) oooo- | formed with greater precizion, more necurate wall
7 TOND | 107 | Loe | L7 abeorption corrections have been developed, and
" Lod | Toke | DoeTe [Tl through the use of absorption corrections determined
in e | piml | e | e for the Bfmmary_ standards, the ‘‘true weight" of
radium elament in a source can be specified. 1f the
L1 11135 L 172 1.1157 4 a ' N
1.7 LiEe | Ll | 1ia current reading for the source being calibrated is
12 o bl I, (which is increased by o factor A for wall and
(3 MR | 11T | 18ld aalt absorption in the source), the current reading for
the standard is I, {with correaponding factor A,),




amd the weight of radium element in the standard is
M, thea the “true weight” of radium element in
the suurce being calibrated is:

In this equation, M, I,/ f,is the “equivalent weight.”

In takble 6, the accuracy with which cach quantity
in eq (4) can be determined is listed. The total
estimated error is the square root of the sum of the

M= 1A, Ld. pe (4) | individual errors wquared end 8 equal to 0.17
T LA, percant.
TapLe 6. Adouraey with which a {ppies] radinm sonvee oon be colfbraled at N BS
EC- - CY]
Quamtity Estimated ereoe Hange for ermar Snaree of quanity
% . . , .
L. . o7 10 to 250 mg RaEd_ _.___ Experimentally determined by the new method with four readings
on each acuree,
A, .08 AT BOUTEED, e Determdned In this paper. 0.78% for standard 5440 aod 1.015%
A far standard J437.
“wall .08 Less than 1.5-mm wall | Determined in this paper. w=40.930 em~! for Pt-Ir.
thiokneaa. l|
salt . 05 Lesa than 2 mm FO______ ! From the equation for p. given by Michel [8]* and the method of
Paterson &t al. [17]
M, | .1 Al EOMPERS_ . i “Beat eatimetea”™ determined by Connor {Heport of ICRTT 1958 [15].

Comblned error =0.17%

=" Thir s of tliy &guickion fir e Godn ity Loar of Absmpaedorn soeGelnes for vediom salts 1a d1sonssed in foctoote 2.

The sigoificant eontribution of R. Cantor who performed
the evaluation of the Owcen-Naylor integral presented in
thiz paper ia gratefully acknowladged.
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